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Abstract 
The main purpose of this study is to examine the ICT integration into US public school curriculum and to propose five ICT 
integration models related to middle and high school course subjects. Based on the literature on ICT, curriculum, pedagogy and 
approaches to curriculum development were discussed. Then, two main ICT integration approaches from US public schools were 
explained. Finally, five ICT integration models; ICT as a subject matter, ICT as a cultural, mediational tool in the activity system 
in which students and teachers construct and co-construct new knowledge, ICT as a subject matter (one of the content area) that 
is integrated into a variety of other subject matters, such as math, science, literacy, and technology together, and as a Mixed 
Curriculum were proposed. It is believed that these models will expand the understanding of ICT integration into teaching and 
learning of middle and high schools subject matters. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Organizing Committee of WCES 2014. 
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1. Introduction 
Information and Communication Technologies (ICT) is not a clear-cut academic subject like history, 
mathematics, or literature; it has not secured a domain in the public school curriculum like other subject areas. There 
might be several reasons could be put forth to explain this; for example, ICT is a new academic subject, or ICT is a 
teaching and learning tool. Different approaches to learning define ICT differently. For the objectivist approach, ICT 
is a new subject matter, new skills that need to be learned by students. According to the cognitivists’ and 
constructivists’ views, ICT is a learning tool that can provide a number of learning activities, from tutoring to 
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simulations. ICT is a mediational tool, a cultural artifact for the sociocultural approaches to learning.   
In this study, first, I will provide information about ICT curriculum. Later, I will discuss approaches to 
curriculum development. Finally, I will propose five ICT integration models for middle school and high school.  It is 
important to state that in the US there are national standards on ICT that provide an outline for the integration of into 
curricula for state and school districts.  
 
2. Curriculum 
  
The term “curriculum” is a very broad and can be used in many contexts to refer different meanings. For 
example, Beauchamp, (1972) provides a number of meanings for the term. According to Beauchamp, (1972), some 
define a “curriculum as a plan for subsequent action”; this definition refers to “what ought to be taught in the 
school” (p.18). Others give a broader meaning to curriculum as “the psychological process of the learner as he/[she] 
acquire educational experiences” (p. 19). In this paper, I will use the term “curriculum” as “a document designed to 
be used as a point of departure for instructional planning” (Beauchamp, 1972, p. 19). The next question which 
involves the content of curriculum refers to subject matter. The presentation of subject matter is the subject of 
instruction. Therefore, in this paper, the use of ICT in some of the curriculum models refers to the content of a 
curriculum, or to an academic subject that needs to be taught. Others refer to ICT as a subject of instruction. In some 
of the curriculum models, ICT will be presented as an academic subject that needs to be taught. In the second group 
of curriculum models, ICT will be used as a method of instruction. And the last model will be a mix of prior models 
in which that ICT will be referred as a content supporting subject matter.  
 
2.1. Issues in ICT Curriculum Development 
 
The Committee of Advisors on Science and The Panel on Educational Technology, (1997) suggested that 
teachers should teach with educational technology, not teach about educational technology. The primary goals in 
using technology was to assist students in understanding science content, improving student motivation, and 
developing their social, communicational skills. The goals of the panel were many times misunderstood, overlooked, 
or not applied in practice, due to the difficulty of defining the knowledge domain regarding technology. Basic 
technological skills and knowledge are stated as requirements for new teachers and teacher educator by the National 
Council of Accreditation of Teacher Education (NCATE, 2002). And technology is identified as the knowledge that 
should be embedded into teacher pedagogical content knowledge domain. It is very difficult to define and explain all 
the knowledge, skills, beliefs, and disposition that are required of teacher, but there should be an understandable, 
concrete explanation about ICT as an subject matter, and of ICT as a method of instruction. Some of the issues 
related to identifying teachers’ knowledge domain in ICT are outlined in Table 1.   
 
      Table 1. Issues Affecting Curriculum Development in the ICT 
Categories of Knowledge Definition 
Content Knowledge There is no specification in the national curriculum. 
Includes knowledge of operating systems and computer 
hardware, and the ability to use standard sets of software tools 
such as word processors, spreadsheets, browsers, and e-mail.  
Pedagogical content knowledge        Not well defined. Teaching a subject matter using a specific 
technology. (Simulation software).  Knowing how to use 
technology when teaching a science topic (Shulman, 1986).  
Technological pedagogical content knowledge (TPCK) TPCK is an emergent form of knowledge that goes beyond all 
three components (content, pedagogy, and technology). TPCK is 
the basis of good teaching with technology and requires an 
understanding of the representation of concepts using 
technologies (Mishra & Koehler, 2006) 
General pedagogical knowledge       Pedagogical knowledge (PK) is a generic knowledge about the 
processes and practices or methods of teaching and learning and 
how it encompasses, among other things, overall educational 
purposes, values, and aims. Pedagogical knowledge is involved 
in all issues of student learning, classroom management and 
lesson plan development and implementation, and student 
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evaluation. 
Knowledge of learners In addition to learners’ social, cultural emotional characteristics, 
there is a need to understand students’ problems and         
misconceptions in ICT. 
Curriculum knowledge    ICT is a new subject. ICT teachers do not have intensive 
knowledge on ICT curriculum. The need of using variety of 
software in ICT makes curriculum knowledge more complex for 
ICT than for other subject maters.  
 
In order to develop a curriculum model the content of a subject needs to be identified. However, ICT can be 
subject, and it can be a tool to use to teach other subjects, or to access information, communicate with others. 
Therefore, ICT is not a well-defined subject domain. In US public schools, three approaches to integration of ICT 
into curriculum are commonly used in middle and high schools: 
x a separate ICT course  
x across the curriculum  
x a mixture of course and cross-curricular work 
 
Some schools use the first or second approaches with great success, but there are dangers with both. ICT courses 
can lead to thorough but sterile coverage of ICT, while learning entirely across the curriculum can lead to many 
pupils missing out on some aspects of ICT or not progressing beyond basic skills. The third approach should include 
a carefully designed ICT course with appropriate consolidation or application across the curriculum to enhance 
learning in other subjects. 
 
2.2. ICT as a Subject Matter  
 
The history of ICT is not as old as that of other well defined academic subjects, such as mathematics, science, or 
history, but it has gained importance at every level of schooling, from early childhood to higher education. In the 
school curriculum, “technology” is generally the preferred term instead of “ICT”. ICT is a broader term used for a 
subject of inquiry and instruction. Therefore, the content of ICT as a subject matter is a broad array of information 
and communication technologies that include the operation of computers (hardware and software), Internet, 
cameras, camcorders, telephones, cell phone, television, projectors, and other components. According to the 
International Society for Technology in Education (ISTE, 2000), there are six foundational standards for students 
from grade four to twelfth (2000). These foundational standards require students to gain certain content, in relation 
to ICT. The first foundational standard for students, “basic operations and concepts” requires students to:  
x demonstrate a sound understanding of the nature and operation of technology systems  
x be proficient in the use of technology 
These two standards require students to learn knowledge skills on the operational aspects of ICT. Therefore, the 
content of the ICT curriculum must be defined in order to meet the requirements of the standards. And, there should 
be teachers who teach ICT in US public schools. However, NCATE, (2002) identifies ICT as a part of all subject 
matter teachers’ knowledge, not as the specific responsibility of an ICT teacher or technology teacher. This means 
that NCATE accepts educational technologies as a subject domain, but requires that its content should be known by 
all teachers. Therefore, a specific content needs to be taught at public schools in the US.   
According to Dewey, (1964) methods of teaching are different in different subject matters. Shulman, (1986) 
raised a question regarding the fact that “no one asks how subject matter was transformed from the knowledge of 
teacher into the content of instruction,” there he was referring to the content of teaching as a missing paradigm (p.6).  
According to Shulman “what missing is questions about the content of the lesson taught, the questions asked, and 
the explanations offered. How does learning for teaching occur?” (p.8). Shulman, (1986) classified the  content 
knowledge of teaching into three categories: Subject matter knowledge, pedagogical content knowledge, and 
pedagogical knowledge. Drawing from Shulman’s PCK theory, two ICT curriculum model (Figure 1 and Figure 2) 
proposed. ICT can be identified as the content (the actual subject matter that is to be taught), pedagogy (the process 
and practice or methods of teaching and learning). The relationship between content (ICT) and pedagogy represents 
the teachers PCK.  
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2.3. Content Knowledge 
 
It seems that it is very difficult to define, assess, and evaluate teachers’ PCK.  Teachers develop subject sub-
cultures during pre-service education and their professional lives. Subject sub-cultures represent teachers’ identities, 
in relation to their area of expertise. For example, science teachers have certain ways of teaching science, and the 
way they teach science represents their identities and their academic culture; this would be the same for art teachers, 
and mathematics teachers. Therefore, this curriculum model requires ICT teachers to teach a variety of ICT courses 
in K12 schools. However, this model will not be the best model for ICT curriculum, because the unclear line 
between ICT as a subject and ICT as a way of instruction 
 
3. Models 
 
3.1. Model 1: ICT as a subject matter 
 
In this model, ICT is accepted as a subject matter. Therefore, this model requires a specific course ICT 
course integrated into the 5th grade curriculum. 
Grade:   6th  
Subject:  Informational Communication Technologies 
Goal:  To develop the necessary skills and knowledge to use a variety of information and 
communication technologies  
Content: Input and output devices 
Multimedia authoring, presentation, Web tools, digital cameras, scanners 
   E-mail, online discussions, Web environments 
   Calculators, data collection probes, videos, educational software 
 
 
      Table 2.  ICT as a subject matter 
Pedagogy 
 
 
 
Content 
Generic knowledge Pedagogical Content Knowledge ICT content (hardware, software) 
 
In this model an ICT is a content that requires content area specialist or teachers who teach the ICT as a subject 
matter to the student. Requires Pedagogy related to teaching ICT.  
 
 
3.2. Model 2: ICT Integration 
 
Within this model, ICT is not a subject of teaching. ICT is a cultural, mediational tool in the activity system in 
which students and teachers construct and co-construct new knowledge, in other words, students, and teachers are 
doing the work of knowing.   
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Grade:  10th  
Subject:  Geography 
Goal:  Learning different geographic areas and recognizing cultural differences.  
Content:  Eskimos 
Geography, location on earth 
Population, demographic information 
Economy, major trade  
Culture, the way people live 
Material: Internet, Google Earth, Google Search engine.  
 
     Table 3. ICT Integration 
 
ICT Knowing to operate Google 
Earth  
Pedagogy 
 
 
 
Content 
Generic knowledge    
PCK (wondering, asking, 
searching, and talking) 
Eskimos (place, culture, trade) 
 
This model supports the idea of ICT as a cultural, mediational tool to construct meaning within an activity 
system. The main problem is that teachers need certain expertise in using the Google Earth program, in addition to 
his/her approach to teaching learning (sociocultural theories), but there is not much literature on under what 
conditions, and on what ways, ICT tools can be useful. One way knowing is to have no prior expertise, but instead 
to learn together with students.   
 
3.3. Model 3: Integration of ICT into an integrated curriculum 
 
This model uses curriculum integration theory as a basis for the integration of ICT. In this model, ICT is seen as 
a subject matter (one of the content area) that is integrated into a variety of other subject matters, such as math, 
science, literacy, and technology together.  
Grade:   6th  
Subject:  How does an apple tree grow?  
Goal:   Constructing and reconstructing how things work in nature.   
Content: Science (anatomy of a tree, kinds of trees, branches, body, height, size)  
Social Science (value of tree, the uses of trees, etc) 
Health (cleaning air) 
ICT (searching, writing, watching, and developing a new program,   
Material: A tree (school backyard), digital camera, video camera, computer, internet  
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Table 4. Curriculum integration model 
Developing understandings about 
the world - physical, social, 
biological, etc. (the content areas) 
  Forms of expression and perception Processes and their conventions 
Social Sciences 
 
Science 
 
ICT 
 
Health 
 
cooperating and 
interacting 
 
Language & Languages  
 
Mathematics 
 
The Arts  
 
PE (movement)  
Listening, speaking, reading, viewing 
and writing...  
 
Estimating measuring, subtracting ... 
 
Programming 
 
Viewing, painting, sculpting,  
 
Field trip  
reasoning and 
reflecting 
imagining and 
inquiring 
assessing and 
evaluating 
 
A classroom climate supports collaborative culture with a shared vision and core beliefs about teaching and 
learning. 
 
3.4. Model 4: Curriculum integration (ICT as a cultural mediational tool) 
 
Grade:   12th  
Subject:    Black Sea  
Goal:   Learning the nature of Black Sea    
Content:  Science (Location, size, content, characteristics (salt rate)  
Social Science (ownership, countries around, politics, life, interaction, history) 
Ecology  
Material: ICT (communicating (virtual communities), computer (map developing), Internet 
(communication, searching), writing, watching, and creating (anything possible)  
 
  Table 5. Curriculum integration model 
Developing understandings about 
the world - physical, social, 
biological, etc. (the content areas) 
  Forms of expression and perception Processes and their conventions 
Social Sciences 
 
Science 
 
Ecology 
 
cooperating and 
interacting 
 
Language & Languages  
 
Mathematics 
 
The Arts  
 
PE (movement)  
Communicating, listening, speaking, 
reading, viewing and writing...  
 
Estimating measuring, subtracting ... 
 
Creating 
 
Viewing, painting, sculpting,  
 
Observing 
reasoning and 
reflecting 
imagining and 
inquiring 
assessing and 
evaluating 
 
 
 
3.5. Model 5:  A Mixed Curriculum: Subject matter supported with an ICT lab course 
 
Grade:   5th  
Subject:   History of Columbus 
Goal:  Be able to identify the important dates and events from Columbus history 
Content: History Content: Geography of Columbus, first settlers, independence, wars 
ICT content:   PowerPoint (developing basic skill to create presentation, time sheets), calculators, data 
collection probes, videos, educational software 
Material: Computer lab, Presentation software  
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Table 6. Mixed curriculum model  
 ICT Lab Course  Outcomes Social Studies  Teaching and Learning 
Leaning basic of computer 
presentation software (creating 
time line for Columbus History) 
 
 
 
 
 
 
 
Location 
Neighbors 
Population 
Independence 
Time line 
Important events 
 
Listening, speaking, reading, viewing 
and writing...  
 
Creating 
 
Observing 
Assessing evaluating 
 
 
4. Conclusion 
 
In order to prepare student with the skills and knowledge that necessary for the information society, ICT should 
be integrated to the all level and all subject matter curriculum with appropriate way. To this end teachers need to be 
prepared with the skills and knowledge of academic area, ICT, and pedagogies of both for the integration. Teaching 
merely ICT, should not be the goal of education. ICT should provide opportunities to the all learners to learn better 
and faster in an enjoyable environment. It is believed that these models will expand the understanding of ICT 
integration into teaching and learning of middle and high schools subject matters. 
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